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B y  Bradford E. Wick and Dav-id Graham 

SUMMARY 

An investigation of the  effect of skewed p l a i n  nose f laps  on a thin, 
la+aspect-ratio  triangular w i n g  i n  combination with a high fineness- 
r a t i o  fuselage has been conducted a t  low speeds and high Reynolds  numbers. 
The plan form of the flaps was such that the f lap chord varied fram zero 
percent of the wing chord a t  the model center line t o  100 percent a t  about 
91-ercent w € n g  semispan. L i f t ,  drag, and pitchingement data were 
obtained over an asgle-of4Lttach  range of - 2 O  to 30° a t  zero  sideslip. 
The Reynolds nmibers of the investigation were 12.5 and 14.1 m i l l i o n  
(based on the ving mean  aerodpnamic chord of 16.3'7 ft). 

The results of the investi-tion  indicated that the nose f laps  
provided a significant delay in the occurreme of both the lea" 
tspe of =paration and t i p  stalling. The delay was indicated bg the 
degree of adherence of the ergerimenbl t o  the theoretical   (meparated 
flow) variation of drag coefficient with 1st coefficient. With the 
Roe8 flaps  deflected, the flow separation  occurred a t  a l i f t  coefficlent 

maximum reduction  in drag due t o  the delay was approximately 25 percent 
a t  lift coefficfente between 0.4 and 0.5. The changes in the lift snd 
pitching+mament characteristice were less aiwif icant .  In view of the 
favorable  reaulta  obtained frm thie exploratory  investigation, it is 
believed that further  research on the effect of skewed plain nose flaps 
on thin,  low-aepect-ratio triangular w i n g s  is desirable. 

. of about 0.35, cornspared to approximately 0.1 f o r  the p l a i n  w i n g .  The 

The thin triangular w i n g  of low aspect  ratio has been found t o  have 
several  undesirable  aerdynamic  characteristics a t  low speed (reference I). 
The majority of these  undesirable  characteristics were attr ibutable  to 
extensive and early flow separation a t  the leading edge and t o  an early 
t i p  stall. 
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The attempts made thus far t o  improve the  characteristics have beea 
concerned with alleviating only the effects of the leading-edge separa- 
tion and have not proved very  successful. (See references 1 and 2.) 
Further consideraticrn of the problem,  however, hae indicated the desira- 
b i l i t y  of finding methods  which will alleviate the effects of both type8 
of flow separation. Ons m e t h o d  which is thought t o  be promising is t o  
use plain nom flaps of such a plan f o m  that the ratio of flap chord to 
w i n g  chord increases with increasing  distance out along the span. With 
this skewed type of f l ap  plan form, deflection of the  flaps should be 
similar  in  effect t o  b fs t ing   the  wing, in that downward f l a p  deflection 
would vssh out the t i p  sections and thereby delay t i p  stalling. The 
purpoae of the investigation reported herein was t o  determine whether 
such a nose-flap arrangement doea, fn fact, have the anticfpated  effect 
on the flow separation. 

SYMBOL3 AND coEFF1cms 
The 6 p i b 0 1 ~  and coefffcfents used fn this report  are defined a8 

follows : 

a free-stream angle of attack of wing chord plane, degrees 

b w i n g  span, measured normal t o  w i n g  center  line, feet 

c w i n g  chord, measured para l le l   to  w b g  center line, feet  

- c w i n g  mean aerodynamic chord [ . B -  

CD drag coefficiept 

C drag coefficient 'of plain wing4)od.y combination at zero l i f t  
DO 

Sf nose-flap deflection m e a s u r e d  with reference t o  wing chord plane 
in a plane normal to the hinge Mne, degrees 

I 

q free-stream dynamic pressure, pounds per equare foot 
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c 

S wing pla~Aorm  area (includes area covered by body), square f ee t  

y spanwise distance meamred perpendicular t o  wing cen+r line, f e s t  
, 

The inpeetigation was conducted in the Antes 40- by 8C"oo t  w i n d  
tunnel. The model used- in the investigation was a triangulamimg- 
fuselage cabinat ion previouelg used in the tests which  were reported 
in reference 3. Because the inwsti-tion was exploratory in  nature, 
approximate rhther than actual akewed.puin nose f h p s  were used on 
the model. The pertinent dimensions and construction  details of the 
flaps can be aeen in figures 1 and 2 which are, respectively, a t kee -  
view drawing and a photograph of ~e model. 

A significant  feature of tb f l a p s  is that the r a t io  of flap chord 
to wing chord increaeed w i t h  increasing distance along the epan. A t  the 
wing center line the flap chord was zero percent of the wing chord and 
increased- t o  100 percent a t  about gi-percent &mispan. While the tspe 
of variation was chosen f o r  aero-ic reasons, the exact magnitude was 
necessarily fixed by the structure of the model and waa Ermaller than con- 
sidered desirable. It should also be-noted that  the upper-surface con- 
tour of the f l a p  was curved rather than flat 1- the sfmilar portion 
of the  basic  afrfoil  eectfon which w a s  a double wedge that had been modi- 
f ied by rounding the nose (0.0023 radius) and the maximum thickness 
rfdges. (This choice of qper-surface contour wae made on the basis of 
the  theoretical  indication that the subsonfc-type airfoil section is 
preferable a t  l ow supersonic as w e l l  as  a t  subsonic speds. ) A constant- 
percent-chord nose radius was approximated by using a series of tubes 
which decreased in  size toward the tip. 

L i f t ,  drag, and pitch-mnt data were obtained f o r  art angle-of- 
attack range of 42O t o  30' a t  zero aideslip. Two nose4lap deflections 
were investigated, 40' and 60'. The Reynolds nmber of the tests was 
14.1 million  (based on E) up to 24' angle of attack, and 12.5 million 
above. 

The p l m ~ P o m  dfmensions used in reducing  the tes t   resu l t s  t o  coeffi- 
cient form are given in figure 1. Corrections for  wind-turmel-xall effects 
and support-Eltrut interference were applied t o  the data. .. 

m e  test r e d t e  are ,presented i n  figures 3 and 4 (cL VB CD in 
f ig .  3, VB a and Cr, in f ig .  4) .  The data f o r  the -0g-fuselage 
combLnation without  the nom flaps, denoted in the f iguree  as the plain- 
wing configuration, were obtained from reference 3 .  
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Presented in figure 3 along  with the experimental variations of 
drag coe f f i c ik t  with l i f t  coefficient  are two theoretical  variations, 
One of the  theoretical drag curvee [(Cb + (cL2/3rA)] is for the  condition 
of weparated f la r  and the  theoretical  elliptic laading; the other 
(CD, + CL tan a) ie for a condition of completely  separated flow such 
that the  resultant  farce  (neglecting skin  friction) is norm1 t o  the 
chord plane. 1 These two theoretical curves are  useful in establishing 
the  effectiveness of the nose flape  in ,reducing the flav separation. 
A n y  changes i n  the poeitians of the measured drag  curves relative t o  
the theoretical curves are Indicative of the relative amounts of flow 
separation, other conditicm being equal. # 

It is apparent f r o m  the  drag curves of figure 3, therefore, that 
the nose flaps w e r e  effective  in reducing the flow separation. They 
were most effective in t h e   l i f k o e f f i c i e n t  range f r a m  about 0.15 t o  
0.35. In this range, the curve for either  flap  deflection is simflar 
in shape t o  the unseparated-flow curve a.nd l i e s  closer  to it tban does 
that for  the platn-wfng conditicm. Above a lift coefficient of  0.35, 
the curve for either  flap  deflection approaches the plain-wing  curve 
which lies  close to and has essentially the same shape a6 that for sepa- 
rated flow. (The divergence of tbe curves for the two flag deflections, 
from the unseparated-flow drag curve in  the  lift-coefficiant range below 
0.15, is  believed t o  be due t o  a lover-eurface flow separation caused by 
the dovnwardly deflected nose flaps. ) 

The relative  position8 of the curves are  not entirely  indicative of 
the  relative amounts of flow separation,  since the nose flaps might also 
have changed the induced dmg2 and the skin--friction  drag. Both of these 
changes, i n  contrast t o  a change  due t o  flow separation, would be expected 
t o  show o n l y  a slight variation with lift coefficient, a t   l e a s t  in the 
low l if t-coefficient range. Therefore, since each of the nose-flap drag 
variations have nearly  the same shape ae that for  unseparated flaw in the 
l if t-coefficient range from about 0.15 t o  0.35, it is believed th&t flow 
separation W&B nearly eliminated  by the nose flaps  in t h i s  lift- 
coefficient range. Comrpuations based cm an effective wing twist indi- 
cated that the  offset of the drag curve far the bo deflection, from 
the unsepamted-flow curve, can be lnainly attributed t o  an induced drag 
change; the remainder was probably due t o  an increase i n  skig-friction 
drag. The difference between the  results  for  the 40' and 60 deflections 

%or both  curves, the experimental zero-lift-drag coefficient for the 
plaiwwing  condition b&s been aesumed t o  be representative of the 8kin- 
f r ic t ion drag. 

reference 4, f r o m  which it c8n. be determined that t i p  washout w i l l  
produce an induc&l drag increment that is nearly constant  with l i f t  
coefficient. 



i n  this lift-coefficient r&nge of 0.15 t o  0.35 is attributable t o  an 
induced drag change. 

Since  pressure4istributian measurements on the pls in  wlng-fuselage 
model (reference 3) showed evtdence of l eadingdge  separation over the 
outboard 10 percent of the span at a l i f t  coefficient of 0.1, ccmplete 
stall of this portion of the span at a l i f t  coefficient of 0.2 and c- 
plete stall over the outboard 25 percent of the span a t  a lift of 0.33, 
it ,can  be concluded that the no6e flaps delayed the occurrence of both 
types of flow separation. Part of this favorable  effect of the nose 
flaps can be attributed t o  their  upper-surface  cqutour. Unpublished 
results of tests of 8 triangular wing w i t h  an NACA 0005 airfoil section 
indicate  the probable nraximum magnitlrde of the contour effect. D e s e  
results indicated that flow separation was absent up t o  a lift coeffi- 
cient of 0.2; whereas it was absent up t o  0.1 for the  present  plain-wing 
model and 0.35 for  the  present model with nose flaps deflected. Thus, 
at  least 0.15 of the 0.25 l i f t -coeff ic ient  fncrement h e  t o  the nose 
f laps  W&S the result of the  deflection of the nose flaps. 

Although the major concern of the Investigation w a ~  with regard t o  
changes fn flow separation, the magnitude of the changes in the  drag, 
lift, and pitching-mament characterietica are worth noting. The drag 
characteristics ahowed the most change due t o  nose4Lap deflection; ' 

the maximum percentage, change was- approxfmately ao2+prcent  reduction 
a t  lift coeff iclents between 0.4 and 0.5 (sf = 40 ) -a B the  case of the 
lift characteristics  (fig, 4), the n o m  f h p s  had a slight- unfavorable 
effect. There was a  reauction in lift for a given angle of attack due 
t o  a  positive &st in the angle-f-ero U t  (as would be expected wfth 
washout of the t i p  sections) and a  reduction i n  the uft-curve elope. 
This la t ter   effect  of the change in flow eeparation is not u1~comn0'11 for 
low-aspec-kratio of trianguhr p h ~  form (e.g., see references 2 
and 5 ) .  In contrast to the drag and lift characteristice, the p i t c h i n e  
moment characterbtics  (f ig.  4) were insignificantly  affected. 

On the basis of the  results  presented herein, it is concluded that 
the.nose flaps delayed the Occurrence af both leading-edge flow 

%ith regaxd t o  the drag of a low-aspect-ratio triangular w i n g ,  it 16 
important t o  note that twisting the w i n g  results in an increase in. the 
Induced drag, the f l a t  win@; having the minimmu iriduced drag by virtue 
of i t s   e l l i p t i c  span lding. Therefore, in considering  the use of 
wing twist, the existing amount of separation drag t o  be reduced by the 
t w i s t  m u s t  be weighed against  the  increase in  induced drag. For the 
present model, it is  apparent tbt the  reduction fn separation  drag out- 
weighed  %he increase in induced drag. 
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separation and tip stalling in the l a w  lift-coefficient range and reduced 
the  amount o f ' f l o v  separation in the  upper  lift-coefficient range. In 
view of the  favorable  effect 011 t h e  flow separation,  ft is believed  that 
further  research, wing a "e refined flap installatian, ie desirable. 

Ames Aeronautical  Luboratory, 
National Advisory Conunittee for Aeronautics, 

Moffett Field, Calif. 
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Sectton A - A  

Ftgure t, - General  arrangement of the model  tested I 
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b Figure 4. - Liff and pitching -moment curves. 
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